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Millimeter FMCW radar is a new kind of high range resolution radar with 
advantages such as light weight, small volume, ease of industrial integration, large 
bandwidth, capable of working around the clock, undesirable to interact with other 
electronic systems. And make it a good choice to be used for fine-resolution compact 
radar operation and are becoming increasingly popular. Some typical and emerging 
civil and military applications include collision avoidance of automobile, 
meteorological, industrial production, ordnance guidance, battlefield surveillance etc. 
Therefore, we focus on the signal processing of millimeter frequency modulation 
continuous wave (FMCW) in this article. And the main objectives of our research work 
can be summarized as follows: 
(1) The system structure of millimeter wave FMCW radar is discussed in detail.  
Signal model of linear frequency modulation is analyzed. And compared matched filter 
means with de-chirp method. The ambiguity function of linear frequency modulated 
waveform was deduced. The theory of triangle linear frequency modulated waveform 
in measuring the motion parameters of targets was analyzed. And the problem when 
measuring the motion parameters in multi-targets situation was proposed. The theory 
of multi-targets distinction and motion parameters estimation based on existing several 
waveforms was analyzed. First, the theory of single frequency continuous waveform 
radar was explained in detail. Then a waveform using two or more triangle linear 
frequency modulated waveform with different frequency modulated slope was set out 
to solve problem in multi-targets situation. Besides, the method of 2D-FFT based on 
linear frequency modulated waveform was analyzed to solve multi-targets distinction, 
and simulation was deployed on three methods above. 
(2) Aiming at the drawback of waveform using two or more triangle linear 
frequency modulated waveform with different frequency modulated slope which need 
high calculation ability of hardware and big frequency modulated slope, a frequency 















article. It could deploy fast multi-targets distinction under the condition of low 
computation ability and small frequency modulated slope and measure the range and 
velocity information of targets. 
(3) Implementing algorithm based on hardware platform, and validating algorithm 
in real-world experimental scene. 
 
Key Words: Millimeter wave radar; Frequency modulated waveform (FMCW); Multi-
targets distinction; Waveform design; Fast paring algorithm; High precision velocity 


















摘要 .......................................................................................................... I 
Abstract ................................................................................................ III 
目录 ........................................................................................................ V 
Contents ............................................................................................... IX 
第 1 章 绪论 .................................................................................... 1 
1.1 研究背景 .................................................................................................. 1 
1.2 国内外发展现状 ...................................................................................... 3 
1.3 课题研究意义 .......................................................................................... 6 
1.4 本文结构安排 .......................................................................................... 7 
第 2 章 雷达结构和波形及测速测距原理 .................................... 9 
2.1 调频连续波雷达系统的结构 .................................................................. 9 
2.2 线性调频波形分析 ................................................................................ 10 
2.2.1 线性调频信号模型...................................................................... 10 
2.2.2 匹配滤波方法与去斜方法.......................................................... 15 
2.2.3 LFM波形的模糊函数 ................................................................ 18 
2.3 锯齿波调频连续波运动参数估计原理 ................................................ 24 
2.4 三角波调频连续波运动参数估计 ........................................................ 28 
2.5 三角波调频连续波在测量运动多目标时存在的问题 ........................ 30 
2.6 本章小结 ................................................................................................ 32 
第 3 章 多目标运动参数估计波形 .............................................. 34 
3.1 单频连续波测速原理 ............................................................................ 34 
3.1.1 多普勒效应.................................................................................. 34 
3.1.2 多普勒测速原理.......................................................................... 35 
3.1.3 连续波多普勒雷达...................................................................... 36 















3.1.5 连续波多普勒方法总结.............................................................. 41 
3.2 变周期三角波多目标分辨方法 ............................................................ 42 
3.2.1 变周期三角波多目标分辨方法原理.......................................... 42 
3.2.2 变周期三角波多目标分辨算法流程.......................................... 43 
3.2.3 仿真实验...................................................................................... 45 
3.2.4 变周期三角波多目标分辨方法总结.......................................... 47 
3.3 线性调频信号二维 FFT方法 .............................................................. 47 
3.3.1 线性调频信号二维 FFT方法介绍 ............................................. 47 
3.3.2 线性调频信号二维 FFT方法原理 ............................................. 49 
3.3.3 仿真实验...................................................................................... 51 
3.3.4 线性调频信号二维 FFT方法总结 ............................................. 54 
3.4 本章小结 ................................................................................................ 54 
第 4 章 基于组合波形的 FMCW雷达信号处理算法............... 56 
4.1 组合波形设计方法 ................................................................................ 56 
4.2 快速多目标分辨算法 ............................................................................ 57 
4.3 多目标测角方法 .................................................................................... 60 
4.4 仿真实验 ................................................................................................ 66 
4.5 本章小结 ................................................................................................ 72 
第 5 章 实验结果 .......................................................................... 73 
5.1 实验平台 ................................................................................................ 73 
5.2 实验结果 ................................................................................................ 76 
5.2.1 静态径向测距精度实验.............................................................. 77 
5.2.2 静态多目标分辨率实验(径向距离不同) ................................... 78 
5.2.3 静态目标(多目标)测距实验 ....................................................... 79 
5.2.4 静态目标方位角误差实验.......................................................... 81 
5.2.5 动态目标实验.............................................................................. 82 
5.3 实验总结 ................................................................................................ 86 















6.1 论文工作总结 ........................................................................................ 87 
6.2 不足与展望 ............................................................................................ 88 
参考文献 .............................................................................................. 89 
致谢 ....................................................................................................... 94 































Abstract in Chinese .............................................................................. V 
Abstract in English ............................................................................. III 
Contents in Chinese ............................................................................. V 
Contents in English ............................................................................. IX 
Chapter 1 Introduction ...................................................................... 1 
1.1 Research Background ............................................................................ 1 
1.2 Development Status at Home and Abroad ........................................... 3 
1.3 Research Signficance .............................................................................. 6 
1.4 Organization of the Paper ..................................................................... 7 
Chapter 2 Radar’s Structure and Waveform and Motion 
Parameter Estimation Basis ................................................................. 9 
2.1 The Structure of LFM Radar System ................................................... 9 
2.2 The Analysis of LFM Waveform ........................................................ 10 
2.2.1 The Model of LFM Signal ........................................................... 10 
2.2.2 Matched Filter Method and De-chirp Method ............................. 15 
2.2.3 The Ambiguity Function of LFM Waveform .............................. 18 
2.3 Motion Parameter Estimation Theory of Sawtooth Waveform ....... 24 
2.4 Motion Parameter Estimation Theory of Triangle Waveform ........ 28 
2.5 The Problem of Triangle Waveform Multi-targets Detection .......... 30 
2.6 Summary ............................................................................................... 32 
Chapter 3 Multi-targets parameter estimation Waveform .......... 34 
3.1 Sinlge Frequency Continuous Wave velocity Detection Theory ...... 34 
3.1.1 Doppler Effects ............................................................................ 34 















3.1.3 Continuous Wave Doppler Radar ................................................ 36 
3.1.4 Simulation Results ....................................................................... 40 
3.1.5 Summary of Doppler Method ...................................................... 41 
3.2 Multi-targets Distinction using Waveform With Different Frequency 
Modulated Slope ............................................................................................. 42 
3.2.1 Theory of Multi-targets Distinction ............................................. 42 
3.2.2 Algorithm Flow Chart .................................................................. 43 
3.2.3 Simulation Results ....................................................................... 45 
3.2.4 Summary ...................................................................................... 47 
3.3 2D-FFT Method Based on LFM Waveform ...................................... 47 
3.3.1 Introduction of 2D-FFT Method .................................................. 47 
3.3.2 Theory of 2D-FFT Based on LFM............................................... 49 
3.3.3 Simulation Results ....................................................................... 51 
3.3.4 Summary ...................................................................................... 54 
3.4 Summary ............................................................................................... 54 
Chapter 4 FMCW Radar Signal Processing Algorithm Based on 
Combined Waveform ......................................................................... 56 
4.1 Introduction to Combined Waveform ................................................ 56 
4.2 Algorithm of Fast Multi-targets Distinction ...................................... 57 
4.3 Algorithm of Multi-targets Angle Detection ...................................... 60 
4.4 Simulation Results ................................................................................ 66 
4.5 Summary ............................................................................................... 72 
Chapter 5 Experimental Results ..................................................... 73 
5.1 Experimental Platform ........................................................................ 73 
5.2 Experimental Results ........................................................................... 76 
5.2.1 Static Radial Range Measurement precision Experiments .......... 77 
5.2.2 Static Multi-targets Distinguishability Experiments .................... 78 
5.2.3 Static Targets Range Experiments ............................................... 79 
















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
